I.
Introduction The need to evaluate the nutritional value of fodder trees and shrubs is necessary [1] . Tree and shrub fodder makes important contribution to the protein and energy consumption of browsing ruminants in arid and semi arid regions where forage availability and quality may be severely limited during the dry season [2, 3] . While it might be assumed that fermentation characteristics of feedstuffs should be evaluated through in vivo trials, it is also obvious that in vivo experiments need a high number of animals, have high financial costs, are difficult to standardize and only the feed to be tested can be fed during trials. Alternatively, in vitro and in situ techniques have been developed to allow its utilization on a routine basis.
The de facto reference method to determine rumen degradability of feed components at various incubation periods is the in situ nylon bag technique (NBT). Applying the equation [4] , P= a + b (1-e -ct ), to describe the degradation of feeds, the constants, a, b, and c obtained can also be used to predict feed intake and growth rate [5] . The development of alternative in vitro methods, such as the gas production technique, has lead to the assessment of several mathematical models to describe and interpret the fermentation characteristics of feeds [6, 7] . While there are enough data to validate gas production models regarding its potential to estimate rumen degradation [8, 9, 10] a thorough comparison with the nylon bag technique is lacking and few studies have been conducted to compare the prediction capability of the models. Gas production techniques (GPTs) could be a valuable alternative, as a GPT do not measure the same rumen degradation phenomena [11] . Whereas GPT reflects fermentation characteristics of total OM, the NBT only models degradation of the non-washable fraction [12] . Furthermore, comparisons found in literature have been conducted mainly with fibrous feeds and only a limited number of feedstuffs with high proportion of soluble and/or small particles have been studied.
More recently researchers have been investigating the relationship between fermentation kinetics of forages obtained by the in situ nylon bag technique and the in vitro gas production technique [8, 13] . The aim of this study was to (i) determine fermentation kinetics of browse forages leaves using the in sacco nylon bag technique and in vitro gas production and (ii) to determine whether it is possible to predict in sacco and in vitro OM degradability.
II. Materials and Methods

Selection of forage samples
The ten browse species were selected after an initial field survey to evaluate the utilization of multipurpose tree and shrub forages as livestock feed in North-eastern region of Nigeria. The leaf browses were harvested by hand clipping leaves from five branches on twenty mature trees in Maiduguri metropolitan council area of Borno State, Nigeria in the dry season. The forage species were as follows: Acacia nilotica, Acacia sieberiana, Annana senegalensis, Balanites aegyptiaca, Cassia sieberiana, Combretum leati, Faidhebia albida, Maerua angolensis, Prosopis africana and Vitex doniana. Only the leaves and leaf petioles were harvested in order to mimick the parts browsed by goats.
Collection and processing of the browse leaves
The leaves were collected in gunny bags and dried in a shade for 6 days. The leaf browse was then milled through a 2.0mm screen for in-vivo digestibility, and a sub sample taken and milled further through 1.0mm screen for use in gas production trial and proximate analysis.
In sacco degradation
Duplicate nylon bags (bag size, 80mmx140mm; pore size 45µm) containing 5g of milled dry sample were weighed and then incubated in the rumen of two fistulated Friesian steers 23 months old and weighing 540 kg. The bags were then withdrawn after 3, 6, 12, 24, 48, 72 and 96 hours. The zero hour was obtained by soaking the bags in a water bath maintained at 39 o C for 1 hour. After the incubation period, the bags were withdrawn then hand washed under running tap water until the water coming out of the bags was clear. The washed bags and contents were then dried for 48 hours at 60 o C in a draught oven to determine DM disappearance. The disappearance values were fitted in the equation [4] 
In-vitro gas production
The gas production technique [14] was used in the in-vitro gas production assessment. The net gas volumes data was then fitted in the equation [15] : Y = a + b (1 -e -c t ) Where: Y = the volume of gas produced (ml) at time t, a = the gas production from the immediately soluble fraction (ml), b = the gas production from the insoluble but degradable fraction (ml), a + b = the potential gas production (ml), c = the rate constant of gas production (fraction/h) t=gas production intervals i.e. 3, 6, 12, 24, 36, 48, 72 , 84 and 96 hours OMD96 h = organic matter digestibility at 96 hours. In-vitro organic matter digestibility was calculated from the equation: OMD (%) = 18.53 + 0. 9239 gas production (at 48hrs) + 0.0540 CP [14] .
Chemical analysis
The proximate composition including dry matter (DM), organic matter (OM) and total nitrogen (N) were determined following standard methods of AOAC [16] and CP was calculated as N x 6.25. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) were determined by the method [17] . Organic matter (OM) was determined by subtracting ash from dry matter (DM).
Statistical analysis
Data obtained was subjected to analysis of variance. Where significant differences occurred, the means will be separated using Duncan multiple range F-test [18] options.
III. Results
Chemical composition of the browse forages
The chemical composition of the browse forage leaves determined in this study is presented in 
Organic Matter (OM) disappearance
The extent of disappearance of OM in the incubated browse leaves is shown in Table 2 . Organic matter content was highly degradable though it progressed slowly from 24 hour with a mean of 35.40 to 96 hours with a mean of 74.64%. The least value for OM disappearance from the leaves incubated was recorded in Balanite aegytiaca at 28.56% though the OM disappearance were generally low for all the browse forages at hours incubation periods. Acacia nilotica had the highest OM disappearance of 75.90%.
Organic matter (OM) degradation parameters
Organic matter degradation characteristics for the incubated browse leaves are shown in Table 2 . Except for rate of degradation 'c' which was not significant, all other characteristics varied significantly (P<0.05). Values obtained for the solubility of OM in browse leaves ranged from a low value of 2.23% in Maerua angolensis to a high value of 15.33% in Faidhebia albida. With the insoluble but degradable fraction 'b', OM recorded the least value in Acacia nilotica (39.22%) while the highest was in Balanite aegytiaca with 73.44%. No significant differences (P>0.05) were observed for degradation rate constant between the leaves studied. However, a range of 0.013/hr in Balanite aegytiaca and Cassia sieberiana to 0.138/hr in Acacia nilotica was observed. At an outflow rate of 0.12, the effective degradability of OM was highest in Acacia nilotica (29.60%) and lowest in Prosopis africana (16.30%).
In vitro gas production
The in vitro cumulative gas production after 96 h, potential gas production (asymptotics gas production; fraction b), and rate of gas production (fraction c) of the browse forges are presented in Table 3 . The forages significantly (P<0.05) differ in the gas production and fermentation characteristics. Vitex doniana produced the highest gas production (22.66 ml/200 mg DM) throughout the incubation period at 96 h while Acacia sieberiana and Cassia sieberiana produced the least gas volume of 9.66 ml/200 mg DM at 96 h. Generally all values for OM are below 50% except for Prosopis africana.
IV.
Discussion
The crude protein (CP) content of the browse forages studied was generally higher. which is above the 7% CP requirement for ruminants that should provide ammonia required by rumen microorganism to support optimum microbial growth. The use of browse forages in small quantities in order to supplement poor quality pastures and crop residues has been justified [19] . The high CP content of browse species is well documented and is one of the main distinctive characteristic of browse compared to most grasses. A range of CP contents from 12 to 30% for tropical tree legumes have been reported [20] , and Le Houerou [21] gave a mean of 12.5% in West African browse species with about 17% for leguminous species. Generally, the CP content in browse has been shown to be above the minimum level required (7%) for microbial activities in the rumen [20] . The species in the leguminosae family have a higher protein content compared to other species, although species in the Capparidaceae family have on average 25% more protein than legumes [21] . Le Houerou [21] also noted that all browse species are able at all their phenological stages to meet the energy requirements of livestock at maintenance level and often well above, and thus West African browse are considered to be excellent fodder, with very few exceptions. The difference in CP content between species can be explained by inherent characteristics of each species related to the ability to extract and accumulate nutrients from soil and/or to fix atmospheric nitrogen, which is the case for legumes plants. The other factors causing variation in the chemical composition of browse forages include soil type (location), the plant part (leaf, stem, pod), age of leaf and season. With regard to the location, some authors have reported that browse plants in the Sahelian zone are higher in N compared to plants in the humid zone [22] . Younger leaves are richer in N than mature leaves, which however contain more N than the latter. The fruits are shown to have a N content in between young and old leaves, and vary little with stage of maturity [23] .
With regard to fibre content similar mean for NDF and lignin contents across different ecological zones as follows 40.1% and 11.7% in the Sahelian zone, 45.7% and 10.5% in the sub-humid zone and 43.6% and 9.3% in the humid zone respectively [22] . A range of 31 to 57% for NDF and 19 to 43% for ADF have been reported [24] . The values of the present study fall within the range reported by Njidda et al. [25] . NDF and ADF contents in the browse forages studied were generally higher compare to the values reported by Njidda [26] and this can limit feed intake [27] . This species also had high lignin content. Lignin is a component of the cell wall, and deposited as part of the cell wall-thickening process [28] . Lignin is in general higher in browse than in herbaceous plants. The content varies according to species, age and the plant parts. Positive correlations were reported between contents of lignin and soluble or insoluble proanthocyanidins [22] . A negative correlation between the content of NDF and soluble phenolics and positive correlation with insoluble proanthocyanidins was observed [29] . The browse forages had moderate to high content of fibre. This is a positive attribute of the browse forages since the voluntary DM intake and digestibility are dependent on the cell wall constituents (fibre), especially the NDF and lignin [30] . Tannins are phenolic plant secondary compounds and are widely distributed through the plant kingdom, especially legumes and browses which affect animal performance in many countries [31] . The level of CT is lower than the range of 60 to100 g Kg -1 DM considered depressing feed intake and growth [32] but within the range 0.41 to 0.81 mg g -1 DM reported by Njidda et al. [25] for semi arid browse forages.
Organic matter disappearance from the incubated test leaves was high at 96h incubation period. The highest 48hrs disappearance value of 52.98% was obtained for Faidhebia albida suggesting that the organic matter in this plant was the most degraded. In this same period, about 45% of the organic matter in the browse leaves had been lost.
Determining the degradation of organic matter in situ is essential. This is in view of the fact that microbial protein synthesis is highly dependent on availability of rumen degradable organic matter [33] are of the view that rate of nitrogen and carbohydrate degradation especially from forage and concentrate mixtures, increase the efficiency of microbial protein synthesis due to improved rumen environment for the growth of more diverse bacteria species. The shrub and tree leaves used in this study varied in organic matter degradation characteristics, Readily soluble fraction of organic matter in the test leaves was observed to be highest 16.12% in both Cassia sieberiana.This may be due to the presence of degradable carbohydrates, particularly the non-structural ones and NDF proteins and fat, components that may make organic matter readily degradable in situ in the rumen [34] . In this regard, feeding diets with at least 12% protein may be necessary to maximize organic matter fermentation in the rumen [35] . On the contrary the least 'a' value recorded in Maerua angolensis indicates that this browse forage may be composed of slow degrading carbohydrates, likely to affect the efficiency of microbial protein synthesis [36] . Nevertheless, the organic matter solubility range reported in the shrub and tree leaves of this of this study (2.23 to 16.12%) were within the range reported in some roughage [34] . The insoluble but degradable organic matter frraction 'b' was high in the plant leaves compared to values reported for some multipurpose tree species [37] . This may be the result of the organic matter solubility in the leaves indicating the possibility of a high amount of nutrients by-passing the rumen microbes. The potential degradability 'a+b' of the organic matter in the leaves studied was generally high and reflected the high soluble ('a') organic matter fraction in the leaves. This may have been due to the low rate of degradation constant 'c' as [38] with the potential degradability of dry matter in browse plants. Potential degradability values reported for roughages [34] were similar to what obtained in this investigation. Effective degradability values reported for organic matter in the leaves studied showed this nutrient to be well degraded in situ at an outflow value of 0.12. However, it was observed that variations in effective degradability amongst leaves to be associated with variability within the leaves [39] .
The results of the gas production and fermentation characteristics of the browse forages are presented in Table 3 . Gas production parameters suggested differences in nutritional value that were generally closely related to chemical composition [40] . The values are within the range reported earlier for browse forages from Nigeria [41] . Chemical composition and in vitro fermentation and digestibility are largely affected by plant species, plant morphological fraction, environmental factors, and stage of maturity [42, 43] . These factors influence the amount of substrate OM that is fermented and the short chain fatty acids (SCFAs) produced upon fermentation. This is because gas production results from fermentation of the feed OM and CO 2 produced from the buffering of the SCFAs by the bicarbonate buffer. Cell wall content (NDF and ADF) were negatively correlated with gas production at all incubation times and estimated parameters. This may tend to reduce the microbial growth and enzyme activity [44] or intestinal bacterial activity [45] . A decrease in rate and extent of gas production of some shrubs due to their high contents of lignin and tannins through increasing the adverse environmental conditions as incubation time progressed was observed [46] . This is consistent with De Boever et al. [47] who reported that gas production was negatively related to NDF content and positively with starch. Also, the relatively high level of ADL in browse forages as shown in Table 1 explained in part the limited in vitro degradation and therefore the lower amount of gas produced. Similar observations were reported by Nordheim-Viken and Volden, [48, 49] . McAllister et al. [50] also observe that higher NDF and lignifications and/or higher ADF/NDF proportion and free-CT contents can reduce attachment of ruminal microbes to feed particles, as well as inhibit microbial growth and enzyme activity [44] or intestinal bacterial activity [46] by free-condensed tannins and hence lead to lower gas production.
However, since gas production on incubation of feeds in buffered rumen fluid is associated with feed fermentation, and carbohydrate fractions, the low gas production from Acacia sieberiana and Cassia sieberiana and other browse forages characterized with low gas production could be related to low feeding value of these feeds. These browse forages contains more than 40 % of its dry matter in the form of cellulose and hemicellulose but its degradability is very low. One of the main reasons for this low degradability is the presence of lignin which protects carbohydrates from attack by rumen microbes. Incubation of feedstuff with buffered rumen fluid in vitro, the carbohydrates are fermented to short chain fatty acids (SCFA), gases, mainly CO 2 and CH 4 , and microbial cells. Gas production is basically the result of fermentation of carbohydrates to acetate, propionate and butyrate [51] and substantial changes in carbohydrate fractions were reflected by total gas produced [52] . Gas production from protein fermentation is relatively small as compared to carbohydrate fermentation while, contribution of fat to gas production is negligible [53] . However, some other prospective and novel plant genera with desirable agronomic and nutritive profiles, such as Acacia, [54] , had potent inhibitory effects on gas production and VFA. Other researchers have reported similar findings with plants that are known to contain plant secondary compound (PSC) that can affect rumen microbes when examined in vitro [55] . While legumes are reported to contain tannins that can reduce fermentation parameters [55] for others, such as the genus Leptadenia, the effect may be related to different classes of bioactive PSC [56] .
Kinetics of gas production obtained from the exponential model is presented in Table 2 . Both rate constants b and c showed significant differences among browse forages. Similarly, the extent (a + b) of gas volumes was higher for Vitex doniana than for trees. Khazaal et al. [57] indicated that the intake of a feed is mostly explained by the rate of gas production (c) which affects the rate of passage of the feed through the rumen, whereas the potential gas production (a + b), is associated with the degradability of the feed. Thus, the higher values obtained for the (c) and (a + b) parameters in the browse forages, may indicate a better nutrient availability for rumen micro organisms in animals grazing such vegetative species in semi-arid areas.
V. Conclusion
Base on the findings, comparative values for OMD shows higher values for in sacco technique when compared to in vitro technique, the browse forages can also serve as supplement because of the high protein content. The in sacco and in vitro gas production parameters, particularly the fermentation characteristics is a potential way to evaluate the nutritional quality of forages consumed by grazing ruminants.
